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STATEMENT OF DISCLAIMER
This project report is a result of a class assignment; it has been graded and accepted as fulfillment of the 
course requirements. Acceptance of this report in fulfillment of the course requirements does not imply 
technical accuracy or reliability. Any use of information in this report is done at the risk of the user. 
These risks may include, but may not be limited to, catastrophic failure of the device or infringement of 
patent or copyright laws. The information or opinions expressed herein by the author are solely those of 
the author.  Neither the U.S. Government, Consolidated Nuclear Security, LLC, nor any of their 
employees warrant, or assume any legal liability for the accuracy, completeness, or usefulness of any 
information contained herein. 
KEYWORDS
Life Safety Analysis 
Performance Based Design 
Structural Analysis 
Available Safe Egress Time 
Fire Hazards Analysis 
 
 
Page 3 of 270 
 
ABSTRACT
A fire and life safety analysis was performed on Building B at the Y-12 National Security Complex in Oak 
Ridge, TN.  This report was completed as a fulfillment of one of the requirements for the Masters of 
Science in Fire Protection Engineering Program from the California Polytechnic State University (Cal Poly) 
in San Luis Obispo, CA.  The analysis consisted of a prescriptive, or code-based analysis, and a 
performance-based analysis. 
The prescriptive analysis composed of four main areas: Life Safety, Fire Alarm and Detection, Structural 
Fire Protection, and Fire Suppression.  The prescriptive analysis was performed to determine if Building 
B is in compliance with the latest codes and standards as outlined in the Code of Record.  The analysis 
was not performed against the original code of record.  The prescriptive analysis showed that the 
building is in compliance with a few exceptions.  Those exceptions include the arrangement of the exit 
doors on the second floor south wing, the security door requirements, and the documentation of 
drawing.  Those exceptions, however, did not affect the overall performance of the active fire 
suppression systems, nor did they affect the performance-based analysis.  
The performance-based analysis centered around ensuring that the available safe egress time was 
greater than the required safe egress time (i.e., ASET > RSET).  This approach ensures that performance 
criteria are met based on an analysis of a fire model and tenability criteria of occupants in the building.  
The tenability criteria was selected based on the overall approach occupant characteristics and design 
objectives. 
The analysis concludes that based on a design basis fire of a cubicle electrical fire, the occupants would 
be able to safely exit the structure given sufficient notification and proper egress paths.  The ASET was 
282 seconds and the RSET was 206 seconds, therefore showing that the ASET > RSET and occupant 
would have sufficient time to exit the building.  There would be no expected loss of life from smoke or 
fire based on the design tenability criteria.  Coupled with the prescriptive analysis, Building B is capable 
of not only withstanding a design basis fire, but is able to protect the occupants and allow them to safely 
egress from the structure should a fire occur. 
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The purpose of this report is complete a comprehensive fire protection analysis of the Y-12 Building B.  
This analysis will determine if the building is compliant with current building codes and determine if the 
occupants are able to safely exit building using a performance-based analysis approach. 
Site Overview
The Y-12 National Security Complex is a U.S. Department of Energy Facility located in Oak Ridge, TN (See 
Figure 1.1).  Y-12 was constructed as part of the World War II Manhattan Project to provide enriched 
uranium for Little Boy, the atomic bomb dropped on Hiroshima, Japan.  The site has evolved and 
continues to provide for three national security missions that protect our country.  Those missions 
include maintaining the U.S. nuclear stockpile, reducing global threats, and fueling the U.S. Nuclear 
Navy. 
 
Figure 1.1 – Map of Y-12 Site Location 
The Y-12 site spans over 800 acres (See Figure 1.2).  More than 4,700 people work at Y-12 including 
federal and contractor staff housed in over 100 buildings.  As the site has continued to age, large 
projects have been undertaken to consolidate workers from across the site in new and modern facilities.  
These projects have been reducing the number of buildings on site. 
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Figure 1.2 – Y-12 Site Overview 
Building Overview
Building B is a three-story multi-purpose building located in Oak Ridge, TN at the Department of Energy’s 
Y-12 National Security Complex.  It was built in order to consolidate office workers from across the Y-12 
site and remove older Manhattan Project era office buildings.  It was completed in 2007 as part of larger 
project to update the infrastructure of the site. 
The building is a Type II (000) structure as defined by NFPA 220 (NFPA 220: Standard on Types of 
Building Construction, 2018) and is approximately 428,400 ft2.  Building B has different types of 
occupancy uses throughout the building.  It is split into three “wings” creating a U-shaped building with 
a courtyard in the center.  The current total occupant load of the building is approximately 950 people 
not including transient occupants such as conference room and cafeteria visitors. The designed capacity 
of the building is 5,321 occupants including the assembly and business occupancies.  Figure 1.3 through 
Figure 1.6 show the layout of the building including current use of each space.  Note that the current use 
of each space does not correspond to an occupancy use category. 
1.3.1 North Wing
The north wing of Building B is three stories tall and is mainly used for office space for personnel.  
Offices are comprised of either hard-walled offices or large open areas with cubicles.  Small conference 
rooms are available for use throughout the area.  The first floor houses a medical area consisting of 
patient exam rooms, x-rays, laboratory areas, and decontamination areas.  All three floors have 
common break areas available for occupants.  The break areas include seating for occupants, 
refrigerators, and microwaves.  All three floors have mechanical and electrical rooms on all three sides.  
This wing is covered by a light hazard wet pipe sprinkler system using extended coverage sprinkler 
heads. 
1.3.2 East Wing
The east wing of Building B is two stories tall and is mainly used as an assembly place for personnel.  The 
first floor is mainly comprised of office space.  Offices are comprised of either hard-walled offices or 
large open areas with cubicles.  Small conference rooms are available for use throughout the area.  The 
first floor also includes a large open area used for print and media production.  On the south end of the 
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first floor is a loading dock used by building personnel for the shipping and receiving of goods.  The 
second floor houses a large conference room with seating available for approximately 265 people.  Most 
of the second floor, however, houses the cafeteria.  The cafeteria consists of open seating, a food prep 
area/kitchen and a serving area.  This wing is covered by a light hazard wet pipe sprinkler system using 
extended coverage sprinkler heads.  The kitchen also has appliances by Ansul Wet Chemical fire 
suppression systems. 
1.3.3 South Wing
The south wing of Building B is three stories tall and is mainly used for office space for personnel.  
Offices are comprised of either hard-walled offices or large open areas with cubicles.  Small conference 
rooms are available for use throughout the area.  The first floor has large open areas used for training 
and records retention.  The training area is segmented into smaller areas, however most of the area is 
open to teach classes such as forklift training and fall protection.  The first floor also has a large open 
area for maintenance purposes.  All three floors have common break areas available for occupants.  The 
break areas include seating for occupants, refrigerators, and microwaves.  All three floors have 
mechanical and electrical rooms on all three sides.  This wing is covered by a light hazard wet pipe 
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Figure 1.6 – Current Use – Legend
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Applicable Codes and Standards
Since the building is on federal property, State of Tennessee regulations do not apply.  Therefore, the 
federal Authority Having Jurisdiction (AHJ) determined at the time of design that both the International 
Building Code (IBC) and NFPA requirements apply.  When conflicts occur, the most stringent standard 
applies unless determined otherwise by the federal AHJ.  Building B was originally built to the 2003 
Edition of the IBC and the 2003 editions in place (or earlier) of the NFPA standards.  This report will only 
compare the current use, occupancy, and design to the current edition of the IBC (International Building 
Code, 2018) and NFPA Codes and Standards and will not address comparison to the codes and standards 
of design.  For the continuation of this report, unless otherwise stated, references refer to a section, 
table or chapter in the IBC (2018) or referenced edition of the NFPA standard. 
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2 PRESCRIPTIVE CODES ANALYSIS
Structural Fire Protection
2.1.1 General Building Construction
Building B was originally designed to meet an NFPA 220 Type II (000) building.  Based on the IBC (2018), 
the building currently meets the definition of a Type IB construction.  Type I construction is considered 
noncombustible construction with a noncombustible exterior and rated bearing walls that are also 
noncombustible. 
The foundation of the building is a slab on grade concrete foundation.  
The exterior column are cast in place concrete columns.  Exterior walls 
are precast concrete.  The walls include sections of precast moment 
frames that are approximately 18-ft wide.  Precast shear walls are used 
on designated walls and typically run parallel to the precast concrete 
slabs.  See Appendix A – Structural Design Drawings for drawings showing 
locations of precast shear walls.  Precast concrete slabs make up the 
floors.  The slabs are overlaid with a minimum 3” concrete topping with 
wire mesh.  Concrete slabs are typically double tee slabs that are 6-ft on 
center (See Figure 2.1). Columns supporting the floors are typically 18”x30” precast concrete columns.  
Beams are precast concrete beams and range in size from 12”x12” to 24”x30”.  The precast concrete is 
pretensioned per ACI 318 and PCI Manual 116 and 117 as outlined on the structural drawings.   
Interior construction consists typical gypsum drywall non-load bearing walls.  Typical spaces include 
large open office cubicle areas and smaller office spaces.  Interior partitions are comprised of metal 
studs for the non-load bearing walls.  Separation of the spaces for the most part is not required, 
therefore spaces are relatively large and open throughout the various wings and floors.  The entire 
building is sprinklered per Section 903 of the IBC. 
The roof is made up of a built-up rubber membrane with a gravel overlay meeting the requirements of a 
Class A rating per UL 790 (UL 790: Standard for Standard Test Methods for Fire Tests of Roof Coverings, 
2004).  Although undocumented on available design drawings, previous walk-down show that the built-
up membrane is typically 3 layers.  The roof does not have any mechanical spaces and access is limited 
to roof hatches accessible through the NW, NE, SW, and SE stairwells.
2.1.2 Building Height and Area Limitations
The following requirements apply to Building B based on the IBC requirements.  The maximum height 
allowed based on the building type of construction and the occupancy classification is derived from 
Table 504.3. The maximum number of stories above grade plane is derived from the IBC Table 504.4.  
See Table 2.1 below for applicable requirements.  Some of the floors have areas in which are below 
grade, however the entire floor is not below grade and opens up to the outside.  This is consistent with 
the definitions in Chapter 2 of the IBC. 
  
Figure 2.1 – Typical Concrete Slab 
Detail 
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Table 2.1 – IBC Building Height Limitations 
Occupancy 
Classification 
Type of Construction Allowable Building 
Height [ft] 
Allowable Number of 
Stories 
Business (B) IB 180 12 
Assembly (A-2) IB 180 12 
 
2.1.3 Building Area
The IBC Section 506 outlines the building area requirements.  Based on the type of construction and 
occupancy types, the building area is unlimited for both the A-2 Assembly and Business occupancy types 
per Table 506.2.  See Table 2.2 below for area and occupancy type information. 
Although the floors are not required to be separated per Section 508 for mixed use occupancies since 
the criteria for nonseparated occupancies is satisfied, there are two 1-hr fire barrier barriers separating 
the North/East wings and the East/South wings based on NFPA 101 requirements.  NFPA 101 Life Safety 
Code requirements were originally (and still currently are) applied to the building based on DOE 
requirements.  In order to meet travel distance requirements, a horizontal exit was required therefore 
requiring these areas to be separated by fire barriers.  Where NFPA and the IBC conflict, NFPA is the 
designated code that is implemented per DOE requirements. 
Table 2.2 – IBC Building Area Limitations 
Floor 1st 2nd 3rd 
Wing(s) North/East/South North/South East North/South 
Occupancy B B A-2 B 
Total Area 153,429 ft2 109,195 ft2 44,842 ft2 120,934 ft2 
Allowable Area Unlimited 
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2.1.4 Fire Resistance Requirements
Fire resistance ratings of required building elements is outline in Table 601.  Fire resistance ratings for 
Building B are shown in Table 2.3 below.  Exterior walls are not required to be rated per Table 602.  The 
distance of any other structure is located more than 30-ft away from the exterior of the building, so 
exterior rated walls are not required. 
Table 2.3 – IBC Required Fire Resistance 
Primary Structural Frame 2 Hrs Nonbearing Interior Walls 0 Hrs 
Bearing Exterior Walls 2 Hrs Floor Construction 2 Hrs 
Bearing Interior Walls 2 Hrs Roof Construction 0 Hrs [See Table 
601 Note b] 
Nonbearing Exterior Walls 0 Hrs [Table 602] 
2.1.5 Location of Required Fire Barriers
Fire barriers are not required in order to separate the occupancies as described earlier this report.  Fire 
barriers are required in the following locations based on Table 509 due to incidental uses of occupancy 
types and NFPA 101.  Where NFPA 101 and IBC requirements conflict, the most demanding requirement 
is specified.  See Table 2.4 below for an outline of these requirements.  Figure 2.2 through Figure 2.4 
outline the fire barrier locations and required ratings.  See Appendix B – Fire Barrier Manufacturer’s 
Data Sheets for fire barrier manufacturer data sheets used to meet the fire resistance of penetrations. 
Table 2.4 – Additional Fire Barrier Requirements 
Area Required Rating [Hrs] Comments 
Mechanical Rooms 1 IBC Table 509; Areas include transformers 
Elevator Shafts 1 NFPA 101 
Horizontal Exits 2 NFPA 101 
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2.1.6 Structural Load Requirements
Design loads were obtained from the 2003 IBC for the original design.  A review of these design loads 
indicate that they are applicable under the 2018 IBC, specifically Chapter 16.  Although current 
requirements may be lower for some occupancy areas, the more conservative values are used.  See 
Table 2.5 below for design loads for Building B. 
Table 2.5 – IBC Structural Load Requirements 
Space Load Type Load /Factor Comments 
Office Spaces Live 50 psf  
Office Spaces [Open Areas, Cubicles] Live 150 psf  
Lobbies; 1st Floor Corridors Live 100 psf  
2nd, 3rd Floor Corridors Live 80 psf  
Stairs, Exits Live 100 psf  
Mechanical Rooms Live 200 psf  
Roof Live 20 psf  
Snow Load Live 10 psf  
Roof Dead 20 psf  
Floors Dead 20 psf  
90 MPH Basic Wind Wind 1.15 Exposure Category C 
 
Structural fire protection requirements for Building B met all required codes and standards.  This includes 
all fire resistance requirements such as locations of required fire barriers including for life safety purposes, 
which will be analyzed in the next section. 




Figure 2.5 through Figure 2.7 show the occupancy classification based on NFPA 101 (NFPA 101: Life 
Safety Code, 2018).  Building B has two main occupancy classifications: Assembly and Business.  There 
are two main assembly areas, the auditorium located in the east Wing and the cafeteria, also located in 
the east wing.  Both areas house more than 50 occupants as defined by Section 6.1.2.1 of NPFA 101.  
The rest of the spaces are considered business occupancies and incidental uses of areas such as 
mechanical spaces and break rooms are considered ancillary to the main occupancy use. 
The first floor, north wing has a medical area.  Per Section 6.1.6.1 of NFPA 101, the medical area does 
not meet the classification requirements for an ambulatory healthcare occupancy.  No more than four 
patients would ever be non-ambulatory and would require the assistance of others to evacuate the 
facility.  The medical area is used as an occupational health service for the site.  “Patients” are 
employees that are undergoing routine physicals and are ambulatory and aware of their surroundings.  
Patients are able to self-evacuate in an emergency and would not require assistance. 
As defined by Section 6.1.14.1.1 of NFPA 101, Building B is a multiple occupancy building consisting of 
business and assembly occupancies.  In order to reduce complexity, the separated occupancy provisions 
of 6.1.14.4 are used.  The east wing, second floor is separated from the east wing first floor and the 
north and south wings (all floors) by 2-hr rated fire barriers per Table 6.1.14.4.1(b).  The required fire 
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2.2.2 Means of Egress
Occupant Load
Utilizing the occupant load factors from Section 7.3.1.2 and Table 7.3.1.2 of NFPA 101, Table 2.6 shows 
the calculated occupant load for Building B.  The assembly spaces are calculated without fixed seating 
since the assembly spaces can be configured in any fashion with movable tables and chairs.  The load 
factor for the business was based on the larger occupancy, due in part to the comparison of actual 
occupants in the building based on actual data to the design loads factors. 
Table 2.6 – Occupancy Load 
Area Occupancy Type Load Factor Area Total Occupants 
1st Floor Business 150 ft2 Gross Per Person 153,429 ft2 1,023 
2nd Floor – North Wing Business 150 ft2 Gross Per Person 54,824 ft2 366 
2nd Floor – East Wing Assembly 15 ft2 Net Per Person 40,894 ft2 2,727 
2nd Floor – Kitchen Assembly 100 ft2 Gross Per Person 3,948 ft2 35 
2nd Floor – South Wing Business 150 ft2 Gross Per Person 54,371 ft2 363 
3rd Floor – North Wing Business 150 ft2 Gross Per Person 60,681 ft2 405 
3rd Floor – South Wing Business 150 ft2 Gross Per Person 60,253 ft2 402 
TOTAL 428,400 ft2 5,321 
Exit Capacity
Building B has multiple exits located in various locations.  See Figure 2.8 through Figure 2.10 for 
locations of exits including horizontal exits, vertical exits, and exit discharges.  The north and south 
wings have each have horizontal exits for all floors where connected with the east wing per NFPA 101 
Section 7.2.4. 
Table 7.3.3.1 of the LSC determines the capacity factors for egress capacity.  See Table 2.7 below for 
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Number and Arrangement of Exits
The number of required exits for each floor of the business occupancy is 2 or 3 depending on the 
occupant load for that floor.  3 exits are required for occupant loads between 500-1000 people (Section 
7.4.1.2).  This is confirmed per Section 39.2.4.  Either way, each floor of Building B that is a business 
occupancy includes at least 3 exits on all floors.  The arrangement of exits is intuitive and provides 
access to occupants in such a way that if one exit is blocked, other exits are available.  This meets the 
requirement of NFPA 101 in that exits must be remote of each other. 
The number of required exits for the assembly occupancy is 3 exits for 600-1000 people and 4 exits for 
greater than 1000 people per Section 13.2.4.  The second floor has over 4 exits available include two 
exits on each side of the floor and the main exits available directly to the outside on the second floor.  
The arrangement of exits is intuitive and provides access to occupants in such a way that if one exit is 
blocked, other exits are available. 
Separation of exits is required by NFPA 101 Section 7.5.1.3.  Exits are properly spaced in such as a way 
that they are not less than one-half of the length of the building.  Since the building is protected by an 
approved, supervised automatic sprinkler system, this distance can be reduced to one-third.  The exits 
are spaced in such a way that if one exit becomes blocked, the others are available for egress.  Building B 
is in compliance with separation and remoteness of exits. 
Originally when the building was built, the horizontal exits were taken credit for the second floor for the 
assembly occupancy.  Those areas, however, are now only able to be accessed via one direction due to 
security requirements.  Since that is now the case, the assembly occupancy area (2nd Floor East Wing) 
does not have the proper exit capacity.  One possible solution to correct this problem would be to install 
bi-directional doors tied into the Fire Alarm system to allow the doors to be unlocked in case of an 
emergency. 
Maximum Travel Distance
The maximum travel distance to an exit is defined per NPFA 101 Section 7.6 as well as Sections 13.2.6 
(Assembly Occupancy) and 39.2.6 (Business Occupancy).  See Figure 2.8 and Figure 2.9 for the 
measurement of the worst case maximum travel distance, respectively, for each occupancy 
classification.  In order to maintain proper egress requirements, sprinklers are required.  See Table 2.8 
for a summary of required and actual conditions. 
Table 2.8 – Life Safety Code Maximum Travel Distances 
Occupancy 
Classification 









Business 200 300 240 X  
Assembly 200 250 180  X 
Maximum Common Path of Travel
The maximum common path of travel to an exit is defined per the LSC Section 7.5.1.1.4 as well as 
Sections 13.2.5.1.2 (Assembly Occupancy) and 39.2.5.1.2 (Business Occupancy).  The maximum common 
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path of travel is in the north and south wing office areas.  The maximum common path of travel in the 
assembly area is in the cafeteria.  See Table 2.9 for a summary of required and actual conditions. 
Table 2.9 – Life Safety Code Maximum Common Path of Travel 
Occupancy 
Classification 









Business 75 100 62  X 
Assembly 20/75 20/75 44  X 
Maximum Dead-End Corridors
The maximum dead-end corridor is defined per the LSC Section 7.5.1.5 as well as Sections 13.2.5.1.3 
(Assembly Occupancy) and 39.2.5.1.3 (Business Occupancy).  The maximum dead-end corridor is located 
in the break rooms for the business occupancies and the back corner of the cafeteria for the assembly 
occupancy.  See Table 2.10 for a summary of required and actual conditions. 
Table 2.10 – Life Safety Code Maximum Dead-End Corridor 
Occupancy 
Classification 









Business 50 50 50  X 
Assembly 20 20 20  X 
Means of Egress Components and Requirements
The means of egress components, including the stairway heights, widths, tread depths, and exit 
hardware all comply with Section 7.1 of NFPA 101.  Walking surfaces are all compliant with tread depths 
regulated and even.  All exits provide handrails for occupants and do not protrude unnecessarily into the 
pathway.  All door openings are a minimum of 32” wide clear width as required per code. 
The panic hardware is installed where required.  The door opening force complies with Section 7.2.1.4.5 
with the exception of newly installed American Disability Act (ADA) compliant automatic door openers.  
Due to security requirements, access doors are heavier than standard fire doors.  When ADA door 
openers were recently added, the “assist” mode for manual operation was not activated, causing the 
doors to require more than 50 lbs of force to open as required by Section 7.2.1.9.1.4 for power assisted 
doors.  This non-compliance is currently being fixed by the facility owner.  See Section 5 - 
Recommendations of this report for further discussion. 
Security plays a crucial role in facility.  Although unable to be outlined on the drawings, certain areas 
have higher than normal facility access.  Where applicable, some doors are normally “locked and 
alarmed”.  When configured this way, they are marked as “Emergency Exit Only.”  Each door has a 
tamper seal that is able to be broken with less than the required force to open the door. 
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Exit signs are marked and located in Figure 2.8 through Figure 2.10 (actual locations).  Exit signs comply 
with Section 7.10.  All signs are located in such a manner as to show direction changes to exits.  All signs 
are battery operated and illuminated.  Signs are test once a year to ensure operability. 
2.2.3 Fire Resistance and Interior Finishes
Required Fire Resistances
As discussed earlier, Building B is a separated occupancy facility.  Because of this approach, a required 1-
hr fire barrier is present between all floors of the north/south wings and the east wing.  A 2-hr rating 
would normally be required, however is allowed to be reduced to 1-hr per Section 6.1.14.4.3 given the 
presence of an automatic suppression and detection system through the facility.  Construction of the 
fire barriers meets the requirements of Section 8.3. 
All exits are constructed to meet a 1-hr fire resistance per Section 7.1.3.2.1.  Since the exits do not serve 
more than three stories, they are only required to be 1-hr rated.  All exits, with the exception of the one 
listed below, are constructed of 2-hr rated gypsum Type X boards.  All doors are consistent with the 
requirements of NFPA 80 (NFPA 80: Standard for Fire Doors and Other Opening Protectives, 2019).  
Signs are available in the exits that show the floor location, presence (or lack thereof) roof access, and 
level of discharge. 
One notable exception to this is the stairs leaving the second floor to the first floor in the East wing.  
These stairs, per the original design documentation, were intended only to be convenience stairs.  Since 
they are convenience stairs, the stairs include a glass enclosure which does not meet the 1-hr 
requirements of Section 8.3.  In order to provide protection for occupants, an alternative analysis was 
completed and approved by the AHJ at the time of construction prior to issuance of the occupancy 
certificate.  This analysis determined that the use of sprinklers on the glass panels provided an 
equivalent level of protection to a 1-hr fire barrier.  The documentation and analysis that was provided 
to the AHJ was unable to be located, and therefore would normally be required to be maintained as 
documentation for the building code official or AHJ in the future. 
Interior Finishes
Interior finishes were designed in accordance with Chapter 10.  The use of combustible interior finishes 
is limited to areas where necessary.  Those areas include bathroom wall dividers, cubicle panels, and 
acoustical wall panels in the large conference 
room.  The cubicle panels are designed to meet 
an ASTM E84 Class A flame spread rate.  See 
Figure 2.11 for an example of similar cubicle 
wall construction. The acoustical panels are 
designed using the same type of fabric and are 
made of the same material.  Other materials in 
the office areas are not governed by NFPA 101, 
however are documented in the Fire Hazards 
Analysis for the facility. 
Floor coverings are consistent with Section 10.2.7.  Areas in all wings are either one of three types of 
finishes.  Carpet is present in most of the office areas.  Carpet information could not be obtained at the 
time of this report, however from observation of similar office facilities would meet the requirements of 
Figure 2.11 – Example of Typical Office Cublicle Finishes 
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ASTM D2859 or similar tests.  Other floors are either concrete (with epoxy resin coatings) or tile.  All 
floor coverings are most likely Class I finishes. 
Overall, the finishes comply with summaries outlined in Table A.10.2.2. With the exception of the 2nd
Floor East area, the means of egress is in compliance with the required Codes and Standards.  The 2nd 
Floor East area was originally in compliance, however due to changes of the facility is no longer in 
compliance.  One possible solution is to tie the doors into the fire alarm system, which is analyzed in the 
next section. 
Fire Detection and Alarm
2.3.1 Type of System
The type of alarm system installed in Building B is an Emergency Communications System (ECS) per 
NFPA 72 (NFPA 72: National Fire Alarm and Signaling Code, 2019) Section 3.3.90.  More specifically, the 
system is designed as an in-building one-way emergency communications system (EVACS) that is 
required to meet the specifications of Section 24.4.  The system consists of an EST3 Fire Alarm Control 
Panel located in the maintenance area, 1st Floor South.  The system utilizes initiating devices such as 
smoke detectors, pull stations, and water flow alarms as inputs for detection.  The alarm components 
consists of notification devices including speakers and strobes throughout the building.  A remote Fire 
Alarm Annunciation Panel is located in the lobby, 1st floor northeast corner.  Both the FACP and FAA 
include a microphone for fire department use.  The microphone allows the user to announce messages 
through the speakers.  The system was designed using prescriptive methods.  No performance-based 
alternatives or designs were used. 
2.3.2 Fire Alarm System Control Panel (FACP)
The fire alarm control panel is an EST3 fire alarm panel (Figure 3.12).  It is 
located in the maintenance area on the 1st Floor South Wing (See Appendix C – 
Fire Alarm System Drawings).  The panel includes all of the modules for inputs 
and outputs to the different floors.  Y-12 utilizes a standard EST3 system for the 
entire site.  Normally, the panels would report back through a fire loop to 
master panel located in the onsite Fire Department Alarm Room (FDAR) with a 
backup in the Plant Shift Superintendent’s office.  Since Building B is a leased 
facility, however, the panel reports alarms only through a digital alarm 
communications terminal to the City of Oak Ridge Dispatch Center.  Although 
the panel reports alarms to the City of Oak Ridge, the signal is also transmitted 
via a fiber optic cable to the FDAR.  The transmission to the FDAR also includes 
the supervisory and trouble signals. 
The FACP itself is composed of multiple modules that comprise the panel.  The base system is the EST3 
Base Platform as shown in Appendix D – Fire Alarm System Manufacturer’s Data Sheets.  The main 
control board is a 3-CPU3 Control Processor Unit.  Other modules include a 3-LCD display module, 
various control display modules, and a building management system bridge.     
The FACP has 10 notification appliance circuits.  Each NAC has a BPS10A booster power supply located at 
various locations throughout the building.  Each BPS10A is capable of providing 10-Amp, 24VDC power 
to the NACs, with a 3-Amp maximum current per NAC.  Power supply for the FACP is discussed further in 
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interface, via programming of the EST3 system, to turn on or off based off of logic rule requirements.  
For example, if a smoke detector is activated on a certain floor, the elevator will automatically recall to 
the designated or alternate floor.  This is in accordance with NFPA 101. 
The sequence of operation and logic of the fire alarm system is rather simplistic.  Although unable to be 
shown in this report, the alarm system will activate upon detection of smoke and/or fire from one of the 
initiating devices above.  This also includes manual activation of a pull station.  Upon activation, the 
alarms and strobes are sounded throughout the building.  The building is not equipped with a phased 
evacuation system or sequence of operations. 
2.3.8 Power Supply and Backup
Primary power supply for the fire alarm system is the 120VAC building power and meets the 
requirements of NFPA 72 Section 10.6.  Primary power is supplied both at the FACP and the NACs.  The 
building is also on a generator that provides backup power in case of a power failure.  The generator 
meets the requirements of NFPA 110 (NFPA 110: Stanard for Emergency and Standby Power Systems, 
2019) and is regularly tested as such. 
Although the building is on a backup generator, secondary power supplies are provided via 
appropriately sized batteries in the FACP and the NACs.  The secondary supply meets the requirements 
of Section 10.6.7.1.1.  Calculations for the secondary power supply for Building B are shown in Appendix 
E – Fire Alarm System Battery Calculations.  The BPS-10A cabinets all have 10 Amp-hour batteries and 
the main FACP has a 65 Amp-Hour battery.  Based on the calculations, the batteries are appropriately, if 
not oversized for their intended applications, given that the required size of the batteries is 28.93 Amp-
Hrs. 
Overall, the fire alarm system is properly designed with no deficiencies.  Tie-in of the fire alarm system 
and the fire suppression is crucial for operations, as outlined in the next section.
Fire Suppression
2.4.1 Water Supply
Y-12 Potable Water System
The Y-12 Potable Water System (PWS) is the site wide distribution network for the domestic potable 
water supply, industrial process water, and the fire protection water supply.  The underground network 
consists of a grid-type layout throughout the approximately 2-mile long site.  The PWS is typically 
concrete lined ductile iron pipe.  Certain areas have been replaced with HDPE piping, however due to 
ground leaching in contaminated soil, this is the exception and is not typical. 
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The PWS is fed from two potable water 
towers (see Figure 2.23).  Each tower holds 
1 million gallons of water.  Water is fed in 
the top of the towers through an air-gapped 
system from the City of Oak Ridge (COR) 
water tanks.  During normal operation, the 
towers are alternating feeds providing 
water every 24-hours.  During emergency 
operations, 500,000 gallons is reserved as a 
minimum water supply for fire protection 
use for credited fire protection systems.  
Water levels are constantly monitored by 
the Plant Shift Superintendent’s (PSS) Office.  Control of the system is provided by a remote monitoring 
system.  A pressure control valve at the bottom of the towers limits the pressure leaving the towers to 
67 psig. 
The underground potable water system is treated as both an AWWA and NFPA 24 (NFPA 24: Standard 
for the Installation of Private Fire Service Mains and Their Appurtenances, 2019) compliant system.  
Since the system also provides potable water for the site, the system must meet the minimum 
requirements of the Tennessee Department of Environment and Conservation (TDEC).  When the 
requirements of AWWA, TDEC, and NFPA 24 conflict, NFPA 24 takes precedence in most cases.  
Normally backflow preventers are required for the interface of fire protection systems with the PWS, 
however TDEC has waived that requirement for legacy systems with the exception of anti-freeze loops.  
All anti-freeze loops have had backflow preventers installed. 
Building B Water Supply
The Building B water supply connects into the PWS just north of the building on Bear Creek Rd and just 
immediately south of the potable water tanks.  The connection is in the 16” main that runs east and 
west along Bear Creek Rd.  The water supply then runs south and connects in the pump room located on 
the first floor in the southeast corner of the building.  A FEBCO 850 model backflow preventer is 
installed before the water supply enters the building.  See Appendix F – Fire Suppression System 
Manufacturer’s Data Sheets for a similar model (FEBCO LF850) backflow preventer and technical data 
sheet.  The only difference is that the “LF” model is lead-free. 
The sprinkler system water supply is able to be boosted and/or supplied by the Fire Department 
Connection.  The FDC is located on the southeast corner of the building as the backflow preventer.  The 
FDC is in a heated enclosure or “hot-box” and is monitored by the fire alarm system for low 
temperature. 
The latest flow test was performed on July 3, 2012.  Test results are outlined in Table 2.11. 
  
Figure 2.23 – Y-12 Potable Water Towers 
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216 72 62 54 
218   1635 1492 
228     1117 
Total Flow: 2609 
Estimated Flow at 20 psi: 4627 
2.4.2 System Components and Design
Fire Pump
A Patterson 1250 gpm pump is installed at Building B.  At the time of design, the potable water tanks 
were not built and the potable water system supply was much lower.  The fire pump is rated to provide 
1250 gpm at 100 psi.  The pump is an electric driven, horizontal split case pump that is UL and FM 
approved.  The fire pump also has a fire pump controller.  The fire pump has a Firetrol Variable Speed 
Pressure Limiting Controller which limits the discharge pressure to 160 psi. 
Jockey Pump
A Grundfos jockey pump is installed to provide maintenance pressure for the system.  The pump is rated 
for 5 gpm at 144 psi. 
Combination Riser and Standpipe System
After leaving the pump room, the mains travel to one of four stairwells.  The system is designed as a 
combination Class 1 standpipe and riser system per NFPA 14 (NFPA 14: Standard for the Installation of 
Standpipe and Hose Systems, 2019).  Each riser is a 6” riser.  At each floor, there is a 3” cross main that 
feeds from the riser.  The riser includes a Viking Floor Control Manifold that includes a test and drain 
valve, flow switch, and pressure gauge.  Each floor also includes a 2-1/2” angle valve for fire department 
hose connections.  Three of the stairwells have the combination riser and standpipe systems.  Each riser 
is designated as Wet Pipe System (WPS) 001, 002, and 003 respectively. 
After the floor control valve, the 3” cross main leaves the stairwell and then covers most of the entire 
floor.  With a few exceptions, the cross main travels down the center of each wing.  Depending on the 
floor, the system is either a gridded or tree system.  The third floor is a tree layout. 
Sprinklers
Sprinkler heads are mainly Viking 11.2 k-factor quick response, extended coverage sprinklers, with a few 
exceptions as shown on the design drawings.  All sprinkler heads are ordinary temperature or 
intermediate temperature depending on the location.  Most of the sprinkler heads are Viking VK608 
sprinkler heads.  See Appendix F – Fire Suppression System Manufacturer’s Data Sheets for data sheets.  
Sprinkler heads are connected using flexible connection.  No information could be found for the type of 
flexible connection, so Flex-head connections were assumed to be used.




Building B is a typical office building with a cafeteria and assembly/training areas.  Different areas of the 
building require different design criteria.  Department of Energy (DOE) Standards require that the 
minimum design occupancy classification to be used in all facilities is Ordinary Hazard Group 1.  Building 
B was given an exception to be able to use the Light Hazard occupancy classification where applicable. 
All office areas are designed as a Light Hazard occupancy per NFPA 13, Section 4.3.2.  The design 
densities used are outlined below in Table 2.12.  Design densities use the density/area method as 
outlined in Section 19.3.3 and Figure 19.3.3.1.1 in NFPA 13.  Quick response sprinklers are used 
throughout the design areas.  Since quick response heads are used for all area and all of the criteria are 
met in Section 19.3.3.2.3, the design area is reduced per Figure 19.3.3.2.3.1. 











Final Area of 
Operation (ft2) 
Light Hazard 0.10 1500 10 40% 900 ft2 
   
2.4.4 Hydraulic Calculations
Design Areas
The most remote area was determined for each of the light hazard occupancies.  For the light hazard 
occupancy, the most remote area was determined to the 3rd Floor North office area on the northeast 
side of the building.  The remote area is outlined in Figure 2.24 below.  Due to limitations in document 
release by the Department of Energy, floor plans were unable to be included in their entirety, which 
includes the plans for the sprinkler system. 
Per the requirements of NFPA 13 (as documented in earlier sections), 900 ft2 was used for the design 
area.  Based on the most remote location, this area included 7 sprinkler heads for an approximate area 
of 128 ft2 per sprinkler head.  The maximum coverage area per sprinkler per NFPA 13, Table 
10.2.4.2.1(a) for Light Hazard occupancies is 225 ft2 for noncombustible, unobstructed, hydraulically 
calculated systems. 
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Figure 2.25 – Building B Hydraulic Graph 
2.4.5 Inspection, Testing, and Maintenance (IT&M) Requirements
NFPA 25 IT&M Requirements
NFPA 25 (NFPA 25: Standard for the Inspection, Testing, and Maintenance of Water-Based Fire 
Suppression Systems, 2017) outlines the requirements for inspection, testing, and maintenance of 
water-based fire suppression systems.  Table 2.13 below has been developed to outline the inspection 
or test and the frequency that is applicable for the wet pipe sprinkler system.  Chapter 8 of NFPA 25, and 
specifically Table 8.1.1.2 has been developed to outline the requirements for fire pumps.  Since the fire 
pump is an electric pump, it is on a monthly test per the AHJ’s direction. 
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Table 2.13 – IT&M Requirements 
Component Type Frequency NFPA 25 
Reference 
Control Valves (Locked or Electrically 
Supervised) 
Inspection Monthly 13.3.2.1.1 
Fire Department Connection Inspection Quarterly 13.8.1 
Gauges (Interior) Inspection Annually 13.4.5.1.4 
Hangers/braces/supports Inspection Annually 5.2.3 
Hydraulic Design Information Sheet Inspection Annually 5.2.5 
Information Signs Inspection Annually 5.2.7, 5.2.8, 
5.2.9 
Internal Piping Condition Inspection 5 Years 14.2.1.1 
Pipe and Fittings Inspection Annually 5.2.2 
Sprinklers Inspection Annually 5.2.1 
Sprinklers (spare) Inspection Annually 5.2.1.4 
Supervisory Signal Devices Inspection Quarterly 5.2.4 
System Valves Inspection 5 Years 13.4.1.2 
Valve Supervisory Signal Devices Inspection Quarterly 5.2.4 
Waterflow Alarm Devices Inspection Quarterly 5.2.4 
Gauges Test 5 Years 13.2.7 
Main Drain Test Annually 13.2.5 
Sprinklers Test 50 Years (Every 10 Yrs 
Thereafter) 
5.3.1.1.1 
Sprinklers Test 75 Years (Every 5 Yrs 
Thereafter) 
5.3.1.1.5 
Supervisory Signal Devices Test Annually 13.2.8.2 
Valve Supervisory Signal Devices Test Annually 13.2.8.2 
Waterflow Alarm Devices (Mechanical) Test Quarterly 5.3.2.1 
Waterflow Alarm Devices (Vane and 
Pressure Switch) 
Test Semiannually 5.3.2.2 
Valves Maintenance Annually 13.6.3 
Obstructions Investigation As Required 14.3 
Backflow Prevention Assembly Inspection Weekly / Monthly 13.7.1 
Backflow Prevention Assembly Test Annually 13.3.3.1 
Check Valves Inspection 5 Years 13.4.2.1 
 
Overall, the fire suppressions systems provide adequate coverage according to DOE and NFPA 
Standards.  The IT&M frequencies are on par with other frequencies and meet or exceed NFPA 25 
requirements.  Fire suppression and other prescriptive requirements outlined earlier will be analyzed 
using a performance-based analysis approach. 
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3 PERFORMANCE BASED ANALYSIS
Process and Scope
A performance-based analysis was conducted in addition to the prescriptive analysis outlined earlier in 
this report.  The purpose of a performance-based analysis is to determine using an engineering 
approach if the level of fire safety in a building can meet a pre-determined set of outcomes.  For the 
following performance-based analysis approach, the SFPE Engineering Guide to Performance Based Fire 
Protection was used as a guide for the process of analysis. 
The project scope is to determine, using performance-based analysis, whether the existing fire 
protection features of Building B will protect the occupants and allow them to safety exit the building. 
Goals and Objectives
The goal of the design and analysis is to provide an environment for occupants to be reasonably 
protected from smoke and fire and to provide a safe means for occupants to exit the building.  
Stakeholder objectives define the requirements in which the performance criteria are met.  Based on 
the U.S. Department of Energy orders, objectives include no loss of life, no significant damage outside 
the compartment of origin, and to limit the downtime to as low as reasonably achievable. 
Based on these objectives, egress and life safety objectives are developed to ensure that the first 
priority, no loss of life.  To obtain these objectives, prompt alert of occupants should be analyzed and 
performed, including the possibility of failure of the activation of the sprinkler system.  Prevention of 
incapacitation by smoke or fire and thermal damage should also be analyzed for and considered in the 
design. 
In order to meet the objectives and criteria, the Available Safe Egress Time (ASET) should be greater 
than the Required Safe Egress Time (RSET), or simply ASET > RSET. 
Performance Criteria
After developing the objectives, performance criteria was developed in order to meet the goals and 
objectives.  The SFPE Handbook provided information with regards to the life safety objectives.  The 
following tenability criteria were selected based on the objectives in order to ensure that the objectives 
were met: 
1. Maximum temperature of 200°C at 2 m high at Location 1 [SFPE HB, Pg 2320] 
2. Maximum temperature of 60 C at 2 m high at Location 2 [SFPE HB, Pg 2320] 
3. Maximum smoke density of 4 m at 2 m high [SFPE HB, Table 61.3] 
4. Maximum Fractional Equivalent Dose (FED) of 0.3 at 2 m high [SFPE HB, Pg 2343] 
See Figure 3.7 for a visual representation of the fire and data location points. 
The tenability criteria was selected based on a review of criteria for considerations from the SFPE 
Handbook as well as the SFPE Guide to Human Behavior in Fire (2nd Edition).  The maximum temperature 
that was selected was based on an example provided in the SFPE Handbook (Page 2320).  Although 60°C 
is normally used in performance-based calculations, that threshold was selected based on a worst-case 
relative humidity as well as human threshold criteria for conduction to the skin.  The 200°C temperature 
chosen was based on the maximum upper layer temperature, which is what will be calculated later in 
the FDS model of this report.  The relative humidity chosen was also based on the fact that a sprinkler 
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system activation was not factored for in the fire.  That means that the humidity is not increased on 
activation, therefore is based on the controlled relative humidity of 40% in the facility.  More 
specifically, Table 5.4 of the SFPE Guide to Human Behavior in Fire indicates that a human can withstand 
4 minutes of exposure to a 205°C. Given these inputs, 200°C is acceptable as a performance criteria for 
occupants near or intimate with the fire. 
For occupants that are queuing to exit, a temperature of 60°C was selected per the SFPE Handbook and 
SFPE Guide to Human Behavior in Fire.  The temperature represents a longer duration that humans can 
withstand as they wait to exit the facility. 
The maximum smoke density was based on the occupant characteristics, which will be described later.  
6 m is typically used as a baseline, however given that the occupants are very familiar with their work 
areas and evacuation drills are performed annually, 4 m is an acceptable criteria.  At this level, 
occupants are still able to move through the facility, however at a slower rate.  The slower rate takes 
into account the reduced visibility and for occupants to be able to locate others as they move through 
the facility towards the exit. 
An FED of 0.3 was selected based on the SFPE Handbook criteria and was reduced to 0.3 to allow for 
conservatism in the calculations.  At 0.3 occupants do not typically show signs of hypoxia until exposure 
for long durations.  An FED of 1.0 would represent an occupant being incapacitated quickly.  Each 
person’s body characteristics are different, so generally an FED of 0.3 is very conservative and should 
allow occupants enough time to exit the facility. 
Based on these tenability criteria, occupants should be able to exit the building and not suffer a loss of 
life due to the conditions during a fire, i.e. ASET should be greater than RSET.
Design Basis Fire Scenarios
In order to determine the structure’s response to fire, three design basis fires were selected and 
analyzed.  Design basis fires were selected based on appropriate literature (including NFPA 101 and 
NFPA 72) as well as normal operations that would occur in the building. 
3.4.1 Cubicle Electrical Fire
This design basis fire selected is a cubicle electrical fire in which wires running inside the cubicle 
channels ignite the panels of cubicle.  Since this type of fire would be in the same location as the area 
covered by sprinklers, sprinkler heads would normally be activated.  For the purpose of this scenario, 
the sprinklers were assumed not activate.   
The cubicles in the large open areas are similar to those that were tested by NIST during the World 
Trade Center Fire Investigation tests.  NIST NCSTAR 1-5C (NIST, 2005) outlines the fire tests of single 
office workstations.  The tests were conducted with and without jet fuel. Figure 3.1 shows the heat 
release rate that would represent a similar type fire.  The heat release rate would be representative of a 
fire for a cubicle based on the similar types of materials.  Even if the materials were designed with less 
flammable coatings, the eventual heat release rate would be similar, however the time to achieve that 
HRR would be longer, delaying activation of the sprinkler system.   
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Figure 3.1 – NCSTAR1-5C Office Fire Heat Release Rate (HRR) Curve 
The HRR was assumed to spread, however the resulting fire spread would only consume 1 row of 
cubicles.  Therefore, only the slab of the floor would be affected by the fire.  See Figure 3.2 for the heat 
release rates used in calculations. 
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Figure 3.3 – Kitchen Grease Fire HRR 
Normal transient combustibles (rags) are able to ignite at relatively low heat fluxes (as low as 10 kW/m2) 
(SFPE Handbook, 5th Edition).  At the peak release of a cooking oil fire, the heat flux is high enough to be 
able to ignite a rag placed closed to the cooking surface.  Nowlen was able to test and document the 
HRR for standard combustibles consisting of 5 gallon polyethylene trash can, a polyethylene liner, 1 lb of 
cotton rags, and ¾ lb of paper.  Although the trash can would not normally be in this area, it is entirely 
feasible that a small trash can consisting of similar materials was placed next to the cooking surface.  
Based on this information, the combine HRR is documented in Figure 3.4.  Note that the HRR data was 
approximated due that was interpreted from the graphs in literature. 
 

Page 53 of 270 
 
own associated risks, the number of occupants affected by the fire is significantly lower than the cubicle 
fire. 
Performance Results
3.5.1 Egress Analysis (RSET)
Using the RSET Calculation Method outlined in Chapter 59 of the SFPE Handbook (SFPE, 5th Edition) and
the following formula: 
Equation 1 = + + +  
where 
td = Time from ignition to detection 
tn = Time from detection to notification of occupants of an emergency 
tp-e = Time from notification until evacuation commences 
te = total evacuation time 
Occupant Characteristics
Since Building B is a multi-purpose building and a Department of Energy facility, certain requirements 
apply to the building when it comes to training and emergency requirements.  There are two main types 
of occupants in Building B: resident personnel and non-resident personnel. 
Resident Personnel
Resident personnel at Building B are normally assigned workers to the facility.  Because they are 
assigned to work in the building, they are required to take an annual training called “Building Emergency 
Plan” or BEP.  This training is online and requires occupants to pass an end-of-course test.  The Building 
Emergency Plan covers actions regarding fires and what to do during this time. 
All Department of Energy sites are required to utilize some form of accountability when it comes to 
emergencies.  Building B accomplishes this by using Assembly Stations.  There are four assembly stations 
located at Building B.  During an evacuation, all personnel are required to evacuate to their designated 
(or closest) assembly station. 
Annually an evacuation and accountability drill is conducted for each Department of Energy facility.  
During this time, all occupants are required to evacuate based on receipt of an alarm (fire alarm or voice 
announcement) and move to their designated assembly station.  Building B has Building Emergency 
Wardens which then sweep their designated areas. 
Because of all of the training that is put in place, residents are very familiar with their work area and 
surroundings.  They are able to evacuate quickly upon the receipt of an alarm.  Therefore, the pre-
movement time is much lower than when compared with literature for similar office-type buildings.  In 
actual annual evacuation tests, pre-movement time was measured to be less than one minute. 
Non-Resident Personnel
The other type of occupant at Building B is a non-resident person.  Non-resident personnel typically are 
in the building for training or an assembly.  These personnel do not have the building-specific training 
for evacuation.  This, however, does not add to the pre-movement time during an evacuation for two 
reasons.  Personnel that are attending for training are required to be briefed on assembly station to be 
used during and emergency.  The classes are also lead by instructors that are trained in the building 
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Building B also has a second means of occupant notification called the Emergency Notification System or 
ENS.  ENS is a type of public address system that announces to all site occupants via indoor and outdoor 
speakers.  100% of the very large site is covered by ENS.  Upon detection of a fire at Building B, ENS is 
also activated followed by a message from PSS to evacuate the building.  This is used as the primary 
means of notification for other buildings at the site, but as a secondary means of notification at Building 
B. 
Based on the primary means of detection and notification utilizing the fire alarm system, the time 
between detection and notification is essentially 0 seconds for automated methods (ie, smoke detector) 
and approximately one minute for manual methods (ie, pull station).  For the purposes of this report, 
the movement time to the pull station is included in the evacuation portion. 
Building Evacuation Movement Analysis
In order to determine the evacuation time of Building B, the two types of occupancies were compared 
using a first order approximation from the methods outlined in Chapter 4-2 of the 20th Edition of the 
NFPA Handbook.  For both occupancies, the worst case maximum travel distance was used as identified 
in Section 4.4 of this report. 
Time to Reach Exit (tp-e, te)
Using Table 4.2.2 from the Fire Protection Handbook, occupants of Building B would typically fall under 
the able-bodied adults (walking with another person during evacuation).  The speed used to determine 
the evacuation time was 0.93 m/s (3.05 ft/s).  The time was then calculated using the maximum travel 
distance to an exit (horizontal or vertical).  See Table 3.1 below for calculations.  Since this is a simple 
first order approximation, it does not take into effect the flow (or back-up) at the doors during an 
evacuation. 
Table 3.1 – Time to Reach Exit 
Floor Occupancy Type Travel Distance (ft) Speed (ft/s) Total Time to Reach Exit (min) 
1st Floor Business 240 3.05 1.31 
2nd Floor Assembly 180 3.05 0.98 
3rd Floor Business 200 3.05 1.09 
Time to Evacuate Through Doorways or Stairwells
Using a boundary layer applied to the doorways and stairwells from Table 4.2.4 of the NFPA Handbook 
(NFPA), the effective width of the exit is calculated.  The boundary layer depends on the size of the 
opening, however a total of 12” was used for the stairwells and 12” was used for the doorways.  The 
maximum specific flow was calculated using the values of Table 4.2.8 of the NFPA Handbook.  All 
stairwells are 7/10 (riser/treads), so a value of 18.5 persons/ft of effective width was used.  All doorways 
used 24 persons/ft of effective width.  The areas were split up by wing and occupancy type using the 
values from Table 4.1 and 4.2 of this report.  See Table 3.2 below for calculation of evacuation times by 
area.  Occupants are considered to have “exited” once they reach a stairwell or a horizontal exit.  
Occupants are assumed to be distribute evenly amongst all exits.  Table 3.3 shows the total evacuation 
time based on the number of occupants per area.  These approximations do not take into account the 
cumulative effect of people in the stairwells serving multiple stories.  The total time represented in 
Table 3.3 adds in the worst case time to reach the exit based on Table 3.1. 
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The total evacuation time estimated for Building B is 5.03 minutes.  In comparison to actual evacuation 
and accountability drills, the actual time to evacuate a normally occupied building is approximately 10 
minutes.  This time does not include “disabled” individuals that are allowed to pre-evacuate prior to an 
announcement for drills.  This time also includes the time it takes for assembly station managers (4 
total) to call the Plant Shift Superintendent’s office to confirm all occupants have visibly evacuated.  A 
full accountability takes approximately 20 minutes to be communicated to the PSS office. 
For the purposes of this evaluation, the 2nd Floor South egress times were used.    Although the longest 
evacuation time was the 2nd Floor East area, this evacuation time is skewed due to the queuing at the 
doors.  The area where this occurs has a high bay, that would lessen the toxic effects on the occupants 
and would not cause major concerns.  Therefore, the total time to reach the exit and evacuate through 
the exit is 2.28 minutes, or 137 seconds. 
Comparison with Pathfinder Model
Pathfinder, an evacuation modeling software, was used to compare the total evacuation time.  Based on 
results from Pathfinder, which took into account the occupancy of each space, and actual floor plan 
layouts the total time to evacuate was 139 seconds, which is comparable with the hand calculations 
provided above.  See Appendix I – Pathfinder Summary Results for results. 
Total Time to Evacuate (RSET)
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the smoke and fire spread, therefore this location was chosen in order to determine if the criteria were 
met. 
Figure 3.8 below shows the upper layer temperature vs time.  The maximum temperature at 2m high off 
of the floor was 125°C, which is well below the criteria for tenability.  Furthermore, the temperature at 
Location 2 never reaches above 25°C for the maximum upper layer temperature.  This demonstrates 
that where most occupants will spend most of their time queuing to leave, they will not be exposed to 
temperatures that would could cause further harm. 
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Figure 3.9 - Maximum Temperature at 2 Meters High – Location 2 
3.5.4 Visibility at 2 Meters High
The maximum visibility was obtained at the first location where the occupants would be most intimate 
with the fire and the second location closest to the exit.  Figure 3.10 and Figure 3.11 shows the results of 
the visibility as the fire progresses. The visibility at Location 1 drops below the threshold of 4 m at 36 
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Figure 3.10 – Visibility at 2m High – Location 1 
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3.5.5 FED
The Fractional Equivalent Dose was measured at 2m high off of the floor at both the location intimate 
with the fire and the location closest to the exit.  The location closest to the exit is important because 
that is the area where queuing is occurring as occupants wait to exit.  Figure 3.12 and Figure 3.13 show 
the results of the model. 
 
Figure 3.12 – FED at 2 m High – Location 1 
 

























Page 63 of 270 
 
3.5.6 Sprinkler Activation Time
Sprinklers were modeled in FDS as part of the design basis fire.  Although not considered a performance 
criteria, it is a good measure to determine the actual response time of the sprinklers.  The response time 
shows an activation after 11 seconds at the earliest, and 20 seconds at the latest.  See Figure 3.14 for 
the results.  Sprinkler activation was compared to the DETACT model as outlined earlier.  The results 
suggest that two of the sprinklers may have been located closer to the fire as they activated quicker 
than the other two sprinklers.  Although the sprinkler activation times were obtained, they are not used 
in the determination of whether or not the performance-based criteria are met. 
 
 
Figure 3.14 – Sprinkler Activation Times 
3.5.7 Model Results (ASET)
Based on the overall results, the available safe egress time is bounded by the visibility at Location 2 
which occurs at 282 seconds, or 4 minutes 42 seconds.  Although Location 1 does not meet the visibility 
criteria at 37 seconds, this is misleading due to the fact that Location 1 where the measurements were 
taken is close to the design fire location.  Occupants in this location would have already started to 
evacuate given the proximity to the fire.  Furthermore, occupants queuing at Location 2 waiting to exit 
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The temperature criteria is not met at Location 1 for 200°C or Location 2 for 60°C, therefore 
temperature was not a factor in the performance criteria.  The FED criteria is also not met at either 
location.  Based on all of these results, visibility is the limiting factor for the ASET. 
Pathfinder, as described earlier, was also used to integrate the FDS model results with the occupants to 
determine the visibility and FED for each occupant as they move throughout the building.  Results were 
comparable with the FDS model.  The worst-case visibility for the last occupant to leave was 9.6m and 
the maximum FED was 0.00313.  Given this information, the results of FDS are bounding and show that 
the Pathfinder results using the FDS model as an input are acceptable.
4 CONCLUSIONS
After analyzing the model results, the only performance criteria this is not met initially is the visibility at 
Location 1.  This however, is misleading due to the fact that Location 1 where the measurements were 
taken is close to the design fire location.  Occupants in this location would have already started to 
evacuate given the proximity to the fire.  Furthermore, occupants queuing at Location 2 waiting to exit 
the floor are not subjected to the visibility or temperature constraints as they are in Location 1.  The 
ASET is 282 seconds and the RSET is 206 seconds.  Overall, the occupants are able to leave the facility in 
the available safe egress time, therefore ASET > RSET.  Although a typical safety factor is 1.5, the ASET vs 
RSET is acceptable given that the performance-based design is already conservative and does not factor 
in active fire suppression systems. 
The prescriptive code analysis shows that the building generally meets all established code 
requirements.  The life safety requirements are met with the exception of the 2nd floor south wing.  The 
2nd floor south wing exit doors are not configured properly given the original exit capacity and 
arrangement.  The structural requirements are met based on the current code of record.  The fire 
suppression requirements are also in compliance given the current conditions.  The fire alarm and 
detection system also meet all of the performance requirements as required. 
Based on the overall analysis of the prescriptive requirements and the performance-based analysis, 
Building B is acceptable and is able to meet the defined life safety objectives. 
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5 RECOMMENDATIONS
No recommendations are indicated for the performance-based design portion of this report. 
As for the prescriptive based analysis, the following recommendations are proposed based on existing 
conditions and should be considered in order to strengthen the capability of the systems or overall 
performance of the fire protection and life safety systems. 
Drawings and documentation obtained by the building owner were either missing or 
incomplete.  Attempts to reach out to the original design firm were unsuccessful.  Drawings 
were specifically missing details related to settings to sound on horn/strobe devices (high vs 
low) and one-line diagrams for NACs and SLCs.  Documentation is required to be kept per NFPA 
72 Section 7.7.1.4.  Commission documentation (i.e., initial acceptance and tests) were not 
available, however are not required to be kept per NFPA 72 Section 7.7.1.1. 
A glass wall was originally installed from the second floor assembly area to the first floor.  The 
original intent was to be used as convenient stairs, however these stairs are intuitive to users to 
be used as exits.  Moreover, certain occupants are told to evacuate to their assigned assembly 
stations are using these stairs, even though the level exit on the west end would be closer.  
Since the stairs would be required to meet a 1-hr rating and the glass would not meet that 
criteria, window sprinklers have been installed on the exit path glass.  These sprinklers meet 
NFPA 13 requirements, however no documentation was ever submitted to an AHJ for this 
equivalency.  Although no documentation was ever submitted, the stairs and current 
configuration are acceptable as-is, however documentation should be provided for further 
reference. 
Due to security requirements and ADA requirements, doors leaving certain areas have ADA 
features installed.  This would normally not be an issue for the door opening force, however 
since the doors are heavier than normal, they currently take more than 50 lbs of force to open.  
Either an exception to the code should be obtained, or the door assist function of the ADA doors 
should be activated, requiring less than 50 lbs of force to open. 
Originally when the building was built, the horizontal exits were taken credit for the second floor 
for the assembly occupancy.  Those areas, however, are now only able to be accessed via one 
direction due to security requirements.  Since that is now the case, the assembly occupancy area 
(2nd Floor East Wing) does not have the proper exit capacity.  One possible solution to correct 
this problem would be to install bi-directional doors tied into the Fire Alarm system to allow the 
doors to be unlocked in case of an emergency. 
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Appendix B – Fire Barrier Manufacturer’s Data Sheets
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Appendix D – Fire Alarm System Manufacturer’s Data Sheets
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Appendix E – Fire Alarm System Battery Calculations
 
Unit ID FACP, 1st Floor South    
Circuit D1 and D2    
      
Standby Time 24 Hrs    
Alarm Time 15 Mins    
Safety Factor 20 %    
      
Item/Description Qty 
Standby Amps / 
Unit 






3-CPU3 1 0.155 0.165 0.155 0.165 
3-LDSM 1 0.005 0.005 0.005 0.005 
3-24R/Y/G 24 0.0015 0.0015 0.036 0.036 
3-LCD 2 0.042 0.04 0.084 0.08 
SIGA-278 72 0.00025 0.0004 0.018 0.0288 
SIGA-PS 118 0.000045 0.000045 0.00531 0.00531 
282B-PL 10 0.000045 0.000045 0.00045 0.00045 
SIGA-HRS 16 0.000045 0.000045 0.00072 0.00072 
SIGA-CR 34 0.000075 0.000075 0.00255 0.00255 
SIGA-SD 34 0.000045 0.000045 0.00153 0.00153 
SIGA-CT1 11 0.00025 0.0004 0.00275 0.0044 
SIGA-CT2 26 0.000396 0.00068 0.010296 0.01768 
1504-AQN5 5 0.015 0.015 0.075 0.075 
SIGA-CC1 1 0.000223 0.0001 0.000223 0.0001 
      
TOTAL SYSTEM CURRENT (AMPS) 0.396829 0.42254 
REQUIRED CAPACITY (AMP-HRS) 9.523896 0.105635 
TOTAL CAPACITY REQUIRED (AMP-HRS) 9.629531  
TOTAL CAPACITY W/ SAFETY FACTOR (AMP-HRS) 11.5554372  
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Unit ID NAC 1    
Circuit LOOPS 1-4    
      
Standby Time 24 Hrs    
Alarm Time 15 Mins    
Safety Factor 20 %    
      
Item/Description Qty 
Standby Amps / 
Unit 






G1F-HDVM (15cd) 41 0 0.081 0 3.321 
G1F-HDVM (30cd) 15 0 0.094 0 1.41 
G1F-HDVM (75cd) 8 0 0.161 0 1.288 
G1F-HDVM 
(110cd) 0 0 0.203 0 0 
G1F-VM (15cd) 14 0 0.059 0 0.826 
G1F-VM (30cd) 0 0 0.082 0 0 
G1F-VM (75cd) 0 0 0.152 0 0 
G1F-VM (110cd) 0 0 0.191 0 0 
      
TOTAL SYSTEM CURRENT (AMPS) 0 6.845 
REQUIRED CAPACITY (AMP-HRS) 0 1.71125 
TOTAL CAPACITY REQUIRED (AMP-HRS) 1.71125  
TOTAL CAPACITY W/ SAFETY FACTOR (AMP-HRS) 2.0535  
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Unit ID NAC 2    
Circuit LOOPS 5-8    
      
Standby Time 24 Hrs    
Alarm Time 15 Mins    
Safety Factor 20 %    
      
Item/Description Qty 
Standby Amps / 
Unit 






G1F-HDVM (15cd) 36 0 0.081 0 2.916 
G1F-HDVM (30cd) 25 0 0.094 0 2.35 
G1F-HDVM (75cd) 7 0 0.161 0 1.127 
G1F-HDVM 
(110cd) 1 0 0.203 0 0.203 
G1F-VM (15cd) 3 0 0.059 0 0.177 
G1F-VM (30cd) 0 0 0.082 0 0 
G1F-VM (75cd) 0 0 0.152 0 0 
G1F-VM (110cd) 0 0 0.191 0 0 
      
TOTAL SYSTEM CURRENT (AMPS) 0 6.773 
REQUIRED CAPACITY (AMP-HRS) 0 1.69325 
TOTAL CAPACITY REQUIRED (AMP-HRS) 1.69325  
TOTAL CAPACITY W/ SAFETY FACTOR (AMP-HRS) 2.0319  
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Unit ID NAC 3    
Circuit LOOPS 9-12    
      
Standby Time 24 Hrs    
Alarm Time 15 Mins    
Safety Factor 20 %    
      
Item/Description Qty 
Standby Amps / 
Unit 






G1F-HDVM (15cd) 19 0 0.081 0 1.539 
G1F-HDVM (30cd) 9 0 0.094 0 0.846 
G1F-HDVM (75cd) 27 0 0.161 0 4.347 
G1F-HDVM 
(110cd) 1 0 0.203 0 0.203 
G1F-VM (15cd) 0 0 0.059 0 0 
G1F-VM (30cd) 0 0 0.082 0 0 
G1F-VM (75cd) 0 0 0.152 0 0 
G1F-VM (110cd) 0 0 0.191 0 0 
      
TOTAL SYSTEM CURRENT (AMPS) 0 6.935 
REQUIRED CAPACITY (AMP-HRS) 0 1.73375 
TOTAL CAPACITY REQUIRED (AMP-HRS) 1.73375  
TOTAL CAPACITY W/ SAFETY FACTOR (AMP-HRS) 2.0805  
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Unit ID NAC 4    
Circuit LOOPS 13-16    
      
Standby Time 24 Hrs    
Alarm Time 15 Mins    
Safety Factor 20 %    
      
Item/Description Qty 
Standby Amps / 
Unit 






G1F-HDVM (15cd) 13 0 0.081 0 1.053 
G1F-HDVM (30cd) 13 0 0.094 0 1.222 
G1F-HDVM (75cd) 19 0 0.161 0 3.059 
G1F-HDVM 
(110cd) 5 0 0.203 0 1.015 
G1F-VM (15cd) 2 0 0.059 0 0.118 
G1F-VM (30cd) 0 0 0.082 0 0 
G1F-VM (75cd) 3 0 0.152 0 0.456 
G1F-VM (110cd) 0 0 0.191 0 0 
      
TOTAL SYSTEM CURRENT (AMPS) 0 6.923 
REQUIRED CAPACITY (AMP-HRS) 0 1.73075 
TOTAL CAPACITY REQUIRED (AMP-HRS) 1.73075  
TOTAL CAPACITY W/ SAFETY FACTOR (AMP-HRS) 2.0769  
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Unit ID NAC 5    
Circuit LOOPS 17-20    
      
Standby Time 24 Hrs    
Alarm Time 15 Mins    
Safety Factor 20 %    
      
Item/Description Qty 
Standby Amps / 
Unit 






G1F-HDVM (15cd) 19 0 0.081 0 1.539 
G1F-HDVM (30cd) 14 0 0.094 0 1.316 
G1F-HDVM (75cd) 17 0 0.161 0 2.737 
G1F-HDVM 
(110cd) 3 0 0.203 0 0.609 
G1F-VM (15cd) 12 0 0.059 0 0.708 
G1F-VM (30cd) 0 0 0.082 0 0 
G1F-VM (75cd) 1 0 0.152 0 0.152 
G1F-VM (110cd) 0 0 0.191 0 0 
      
TOTAL SYSTEM CURRENT (AMPS) 0 7.061 
REQUIRED CAPACITY (AMP-HRS) 0 1.76525 
TOTAL CAPACITY REQUIRED (AMP-HRS) 1.76525  
TOTAL CAPACITY W/ SAFETY FACTOR (AMP-HRS) 2.1183  
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Unit ID NAC 6    
Circuit LOOPS 21-24    
      
Standby Time 24 Hrs    
Alarm Time 15 Mins    
Safety Factor 20 %    
      
Item/Description Qty 
Standby Amps / 
Unit 






G1F-HDVM (15cd) 16 0 0.081 0 1.296 
G1F-HDVM (30cd) 17 0 0.094 0 1.598 
G1F-HDVM (75cd) 13 0 0.161 0 2.093 
G1F-HDVM 
(110cd) 4 0 0.203 0 0.812 
G1F-VM (15cd) 8 0 0.059 0 0.472 
G1F-VM (30cd) 0 0 0.082 0 0 
G1F-VM (75cd) 2 0 0.152 0 0.304 
G1F-VM (110cd) 2 0 0.191 0 0.382 
      
TOTAL SYSTEM CURRENT (AMPS) 0 6.957 
REQUIRED CAPACITY (AMP-HRS) 0 1.73925 
TOTAL CAPACITY REQUIRED (AMP-HRS) 1.73925  
TOTAL CAPACITY W/ SAFETY FACTOR (AMP-HRS) 2.0871  
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Unit ID NAC 7    
Circuit LOOPS 25-27    
      
Standby Time 24 Hrs    
Alarm Time 15 Mins    
Safety Factor 20 %    
      
Item/Description Qty 
Standby Amps / 
Unit 






G1F-HDVM (15cd) 21 0 0.081 0 1.701 
G1F-HDVM (30cd) 8 0 0.094 0 0.752 
G1F-HDVM (75cd) 1 0 0.161 0 0.161 
G1F-HDVM 
(110cd) 0 0 0.203 0 0 
G1F-VM (15cd) 12 0 0.059 0 0.708 
G1F-VM (30cd) 0 0 0.082 0 0 
G1F-VM (75cd) 2 0 0.152 0 0.304 
G1F-VM (110cd) 0 0 0.191 0 0 
      
TOTAL SYSTEM CURRENT (AMPS) 0 3.626 
REQUIRED CAPACITY (AMP-HRS) 0 0.9065 
TOTAL CAPACITY REQUIRED (AMP-HRS) 0.9065  
TOTAL CAPACITY W/ SAFETY FACTOR (AMP-HRS) 1.0878  
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Unit ID NAC 8    
Circuit LOOPS 28-30    
      
Standby Time 24 Hrs    
Alarm Time 15 Mins    
Safety Factor 20 %    
      
Item/Description Qty 
Standby Amps / 
Unit 






G1F-HDVM (15cd) 9 0 0.081 0 0.729 
G1F-HDVM (30cd) 10 0 0.094 0 0.94 
G1F-HDVM (75cd) 8 0 0.161 0 1.288 
G1F-HDVM 
(110cd) 0 0 0.203 0 0 
G1F-VM (15cd) 16 0 0.059 0 0.944 
G1F-VM (30cd) 0 0 0.082 0 0 
G1F-VM (75cd) 1 0 0.152 0 0.152 
G1F-VM (110cd) 0 0 0.191 0 0 
      
TOTAL SYSTEM CURRENT (AMPS) 0 4.053 
REQUIRED CAPACITY (AMP-HRS) 0 1.01325 
TOTAL CAPACITY REQUIRED (AMP-HRS) 1.01325  
TOTAL CAPACITY W/ SAFETY FACTOR (AMP-HRS) 1.2159  
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Unit ID NAC 9    
Circuit LOOPS 31-33    
      
Standby Time 24 Hrs    
Alarm Time 15 Mins    
Safety Factor 20 %    
      
Item/Description Qty 
Standby Amps / 
Unit 






G1F-HDVM (15cd) 8 0 0.081 0 0.648 
G1F-HDVM (30cd) 9 0 0.094 0 0.846 
G1F-HDVM (75cd) 12 0 0.161 0 1.932 
G1F-HDVM 
(110cd) 1 0 0.203 0 0.203 
G1F-VM (15cd) 2 0 0.059 0 0.118 
G1F-VM (30cd) 1 0 0.082 0 0.082 
G1F-VM (75cd) 0 0 0.152 0 0 
G1F-VM (110cd) 0 0 0.191 0 0 
      
TOTAL SYSTEM CURRENT (AMPS) 0 3.829 
REQUIRED CAPACITY (AMP-HRS) 0 0.95725 
TOTAL CAPACITY REQUIRED (AMP-HRS) 0.95725  
TOTAL CAPACITY W/ SAFETY FACTOR (AMP-HRS) 1.1487  
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Unit ID NAC 10    
Circuit LOOPS 34-36    
      
Standby Time 24 Hrs    
Alarm Time 15 Mins    
Safety Factor 20 %    
      
Item/Description Qty 
Standby Amps / 
Unit 






G1F-HDVM (15cd) 7 0 0.081 0 0.567 
G1F-HDVM (30cd) 9 0 0.094 0 0.846 
G1F-HDVM (75cd) 13 0 0.161 0 2.093 
G1F-HDVM 
(110cd) 1 0 0.203 0 0.203 
G1F-VM (15cd) 4 0 0.059 0 0.236 
G1F-VM (30cd) 1 0 0.082 0 0.082 
G1F-VM (75cd) 1 0 0.152 0 0.152 
G1F-VM (110cd) 0 0 0.191 0 0 
      
TOTAL SYSTEM CURRENT (AMPS) 0 4.179 
REQUIRED CAPACITY (AMP-HRS) 0 1.04475 
TOTAL CAPACITY REQUIRED (AMP-HRS) 1.04475  
TOTAL CAPACITY W/ SAFETY FACTOR (AMP-HRS) 1.2537  
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Unit ID NAC 11    
Circuit LOOP 37    
      
Standby Time 24 Hrs    
Alarm Time 15 Mins    
Safety Factor 20 %    
      
Item/Description Qty 
Standby Amps / 
Unit 






G1F-HDVM (15cd) 0 0 0.081 0 0 
G1F-HDVM (30cd) 0 0 0.094 0 0 
G1F-HDVM (75cd) 0 0 0.161 0 0 
G1F-HDVM 
(110cd) 0 0 0.203 0 0 
G1F-VM (15cd) 13 0 0.059 0 0.767 
G1F-VM (30cd) 0 0 0.082 0 0 
G1F-VM (75cd) 0 0 0.152 0 0 
G1F-VM (110cd) 0 0 0.191 0 0 
      
TOTAL SYSTEM CURRENT (AMPS) 0 0.767 
REQUIRED CAPACITY (AMP-HRS) 0 0.19175 
TOTAL CAPACITY REQUIRED (AMP-HRS) 0.19175  
TOTAL CAPACITY W/ SAFETY FACTOR (AMP-HRS) 0.2301  
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Appendix F – Fire Suppression System Manufacturer’s Data 
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Appendix H – FDS Input File
Building_B_-_Model_2.fds 
Generated by PyroSim - Version 2020.1.0324 
Apr 15, 2020 10:29:08 PM 
 
&HEAD CHID='Building_B_-_Model_2', TITLE='Building B - Model 1'/ 
&TIME T_END=800.0/ 
&DUMP DT_RESTART=100.0, DT_SLCF=0.25, DT_SL3D=0.25/ 
 
&MESH ID='MESH-f', IJK=79,45,9, XB=-145.2,-113.6,-246.0,-228.0,-0.1524,3.3528/ 
&MESH ID='MESH-i', IJK=196,90,18, XB=-113.6,-74.4,-246.0,-228.0,-0.1524,3.3528/ 
&MESH ID='MESH-l', IJK=81,45,9, XB=-74.4,-42.0,-246.0,-228.0,-0.1524,3.3528/ 




      FYI='NFPA Babrauskas', 
      FUEL='REAC_FUEL', 
      C=6.3, 
      H=7.1, 
      O=2.1, 
      N=1.0, 
      AUTO_IGNITION_TEMPERATURE=0.0, 
      SOOT_YIELD=0.1/ 
 
&DEVC ID='LAYER HEIGHT->HEIGHT', QUANTITY='LAYER HEIGHT', XB=-113.6,-113.6,-246.0,-
246.0,0.0,3.0/ 
&DEVC ID='LAYER HEIGHT->LTEMP', QUANTITY='LOWER TEMPERATURE', XB=-113.6,-113.6,-246.0,-
246.0,0.0,3.0/ 
&DEVC ID='LAYER HEIGHT->UTEMP', QUANTITY='UPPER TEMPERATURE', XB=-113.6,-113.6,-246.0,-
246.0,0.0,3.0, SETPOINT=200.0/ 
&DEVC ID='S01', QUANTITY='TEMPERATURE', XYZ=-97.482955,-236.763105,2.8194, 
SETPOINT=68.333333/ 
&DEVC ID='S02', QUANTITY='TEMPERATURE', XYZ=-97.482955,-232.191105,2.8194, 
SETPOINT=68.333333/ 
&DEVC ID='S03', QUANTITY='TEMPERATURE', XYZ=-92.910955,-236.763105,2.8194, 
SETPOINT=68.333333/ 
&DEVC ID='S04', QUANTITY='TEMPERATURE', XYZ=-92.910955,-232.191105,2.8194, 
SETPOINT=68.333333/ 
&DEVC ID='TEMP-LOC1', QUANTITY='TEMPERATURE', XYZ=-100.0,-247.0,2.0/ 
&DEVC ID='TEMP-LOC2', QUANTITY='TEMPERATURE', XYZ=-142.4,-258.4,2.0/ 
&DEVC ID='FED-LOC1', QUANTITY='FED', XYZ=-100.0,-247.0,2.0/ 
&DEVC ID='VISIBILITY-LOC1', QUANTITY='VISIBILITY', XYZ=-100.0,-247.0,2.0/ 
&DEVC ID='SOOT VISIBILITY-LOC1', QUANTITY='VISIBILITY', SPEC_ID='SOOT', XYZ=-100.0,-247.0,2.0/ 
&DEVC ID='OPTICAL DENSITY-LOC1', QUANTITY='OPTICAL DENSITY', XYZ=-100.0,-247.0,2.0/ 
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&DEVC ID='DENSITY-LOC1', QUANTITY='DENSITY', XYZ=-100.0,-247.0,2.0/ 
&DEVC ID='DENSITY-LOC2', QUANTITY='DENSITY', XYZ=-142.4,-258.4,2.0/ 
&DEVC ID='FED-LOC2', QUANTITY='FED', XYZ=-142.4,-258.4,2.0/ 
&DEVC ID='VISIBILITY-LOC2', QUANTITY='VISIBILITY', XYZ=-142.4,-258.4,2.0/ 
&DEVC ID='SOOT VISIBILITY-LOC2', QUANTITY='VISIBILITY', SPEC_ID='SOOT', XYZ=-142.4,-258.4,2.0/ 
&DEVC ID='OPTICAL DENSITY-LOC2', QUANTITY='OPTICAL DENSITY', XYZ=-142.4,-258.4,2.0/ 
 
&MATL ID='GYPSUM', 
      FYI='NBSIR 88-3752 - ATF NIST Multi-Floor Validation', 
      SPECIFIC_HEAT=1.09, 
      CONDUCTIVITY=0.17, 
      DENSITY=930.0/ 
&MATL ID='CONCRETE', 
      FYI='NBSIR 88-3752 - ATF NIST Multi-Floor Validation', 
      SPECIFIC_HEAT=1.040001, 
      CONDUCTIVITY=1.800001, 
      DENSITY=2279.999998, 
      ABSORPTION_COEFFICIENT=5.0E4/ 
 
&SURF ID='GYPSUM', 
      RGB=255,255,204, 
      BACKING='VOID', 
      MATL_ID(1,1)='GYPSUM', 
      MATL_MASS_FRACTION(1,1)=1.0, 
      THICKNESS(1)=0.1524/ 
&SURF ID='CONCRETE', 
      COLOR='GRAY 80', 
      BACKING='VOID', 
      MATL_ID(1,1)='CONCRETE', 
      MATL_MASS_FRACTION(1,1)=1.0, 
      THICKNESS(1)=0.1524/ 
&SURF ID='FIRE', 
      COLOR='RED', 
      HRRPUA=5400.0, 
      RAMP_Q='FIRE_RAMP_Q', 
      TMP_FRONT=300.0/ 
&RAMP ID='FIRE_RAMP_Q', T=0.0, F=0.0/ 
&RAMP ID='FIRE_RAMP_Q', T=20.0, F=0.148148/ 
&RAMP ID='FIRE_RAMP_Q', T=40.0, F=0.296296/ 
&RAMP ID='FIRE_RAMP_Q', T=60.0, F=0.333333/ 
&RAMP ID='FIRE_RAMP_Q', T=80.0, F=0.37037/ 
&RAMP ID='FIRE_RAMP_Q', T=100.0, F=0.37037/ 
&RAMP ID='FIRE_RAMP_Q', T=120.0, F=0.37037/ 
&RAMP ID='FIRE_RAMP_Q', T=140.0, F=0.407407/ 
&RAMP ID='FIRE_RAMP_Q', T=160.0, F=0.407407/ 
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&RAMP ID='FIRE_RAMP_Q', T=180.0, F=0.444444/ 
&RAMP ID='FIRE_RAMP_Q', T=200.0, F=0.444444/ 
&RAMP ID='FIRE_RAMP_Q', T=220.0, F=0.444444/ 
&RAMP ID='FIRE_RAMP_Q', T=240.0, F=0.518519/ 
&RAMP ID='FIRE_RAMP_Q', T=260.0, F=0.518519/ 
&RAMP ID='FIRE_RAMP_Q', T=280.0, F=0.555556/ 
&RAMP ID='FIRE_RAMP_Q', T=300.0, F=0.592593/ 
&RAMP ID='FIRE_RAMP_Q', T=320.0, F=0.592593/ 
&RAMP ID='FIRE_RAMP_Q', T=340.0, F=0.592593/ 
&RAMP ID='FIRE_RAMP_Q', T=360.0, F=0.555556/ 
&RAMP ID='FIRE_RAMP_Q', T=380.0, F=0.555556/ 
&RAMP ID='FIRE_RAMP_Q', T=400.0, F=0.555556/ 
&RAMP ID='FIRE_RAMP_Q', T=420.0, F=0.481481/ 
&RAMP ID='FIRE_RAMP_Q', T=440.0, F=0.555556/ 
&RAMP ID='FIRE_RAMP_Q', T=460.0, F=0.62963/ 
&RAMP ID='FIRE_RAMP_Q', T=480.0, F=0.925926/ 
&RAMP ID='FIRE_RAMP_Q', T=500.0, F=0.962963/ 
&RAMP ID='FIRE_RAMP_Q', T=520.0, F=0.962963/ 
&RAMP ID='FIRE_RAMP_Q', T=540.0, F=1.0/ 
&RAMP ID='FIRE_RAMP_Q', T=560.0, F=0.925926/ 
&RAMP ID='FIRE_RAMP_Q', T=580.0, F=0.814815/ 
&RAMP ID='FIRE_RAMP_Q', T=600.0, F=0.777778/ 
&RAMP ID='FIRE_RAMP_Q', T=620.0, F=0.740741/ 
&RAMP ID='FIRE_RAMP_Q', T=640.0, F=0.666667/ 
&RAMP ID='FIRE_RAMP_Q', T=660.0, F=0.555556/ 
&RAMP ID='FIRE_RAMP_Q', T=740.0, F=0.185185/ 
 
[NOTE: OBJECTS REMOVED FROM REPORT FOR BREVITY] 
 
&OBST ID='Floor', XB=-143.6,-113.6,-246.0,-230.0,-0.1524,-0.1524, SURF_ID='CONCRETE'/  
&OBST ID='Floor', XB=-113.6,-74.4,-246.0,-230.0,-0.1524,0.042333, SURF_ID='CONCRETE'/  
&OBST ID='Floor', XB=-74.4,-42.0,-246.0,-230.0,-0.1524,-0.1524, SURF_ID='CONCRETE'/  
&OBST ID='Floor', XB=-145.2,-44.0,-268.4,-264.4,-0.1524,-0.1524, SURF_ID='CONCRETE'/  
&OBST ID='Floor', XB=-145.2,-42.0,-264.4,-247.6,-0.1524,-0.1524, SURF_ID='CONCRETE'/  
&OBST ID='Floor', XB=-143.6,-44.0,-274.4,-268.4,-0.1524,-0.1524, SURF_ID='CONCRETE'/  
&OBST ID='Floor', XB=-143.6,-42.0,-247.6,-246.0,-0.1524,-0.1524, SURF_ID='CONCRETE'/  
&OBST ID='Ceiling', XB=-143.6,-113.6,-246.0,-230.0,2.963333,3.3528, COLOR='INVISIBLE', 
THICKEN=.TRUE., OUTLINE=.TRUE., SURF_ID='CONCRETE'/  
&OBST ID='Ceiling', XB=-113.6,-74.4,-246.0,-230.0,2.963333,3.158067, COLOR='INVISIBLE', 
THICKEN=.TRUE., OUTLINE=.TRUE., SURF_ID='CONCRETE'/  
&OBST ID='Ceiling', XB=-74.4,-42.0,-246.0,-230.0,2.963333,3.3528, COLOR='INVISIBLE', THICKEN=.TRUE., 
OUTLINE=.TRUE., SURF_ID='CONCRETE'/  
&OBST ID='Ceiling', XB=-145.2,-44.0,-268.4,-264.4,2.963333,3.3528, COLOR='INVISIBLE', 
THICKEN=.TRUE., OUTLINE=.TRUE., SURF_ID='CONCRETE'/  
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&OBST ID='Ceiling', XB=-145.2,-42.0,-264.4,-247.6,2.963333,3.3528, COLOR='INVISIBLE', 
THICKEN=.TRUE., OUTLINE=.TRUE., SURF_ID='CONCRETE'/  
&OBST ID='Ceiling', XB=-143.6,-44.0,-274.4,-268.4,2.963333,3.3528, COLOR='INVISIBLE', 
THICKEN=.TRUE., OUTLINE=.TRUE., SURF_ID='CONCRETE'/  
&OBST ID='Ceiling', XB=-143.6,-42.0,-247.6,-246.0,2.963333,3.3528, COLOR='INVISIBLE', 
THICKEN=.TRUE., OUTLINE=.TRUE., SURF_ID='CONCRETE'/  
 
&VENT ID='Mesh Vent: MESH-d [XMIN]', SURF_ID='OPEN', XB=-145.2,-145.2,-276.0,-270.0,-
0.1524,3.3528/  
&VENT ID='Mesh Vent: MESH-d [YMIN]', SURF_ID='OPEN', XB=-145.2,-113.6,-276.0,-276.0,-
0.1524,3.3528/  
&VENT ID='Mesh Vent: MESH-d [ZMAX]', SURF_ID='OPEN', XB=-145.2,-113.6,-276.0,-
270.0,3.3528,3.3528/  
&VENT ID='Mesh Vent: MESH-d [ZMIN]', SURF_ID='OPEN', XB=-145.2,-113.6,-276.0,-270.0,-0.1524,-
0.1524/  
&VENT ID='Mesh Vent: MESH-e [ZMAX]', SURF_ID='OPEN', XB=-145.2,-113.6,-270.0,-
246.0,3.3528,3.3528/  
&VENT ID='Mesh Vent: MESH-e [ZMIN]', SURF_ID='OPEN', XB=-145.2,-113.6,-270.0,-246.0,-0.1524,-
0.1524/  
&VENT ID='Mesh Vent: MESH-f [XMIN]', SURF_ID='OPEN', XB=-145.2,-145.2,-246.0,-228.0,-
0.1524,3.3528/  
&VENT ID='Mesh Vent: MESH-f [YMAX]', SURF_ID='OPEN', XB=-145.2,-113.6,-228.0,-228.0,-
0.1524,3.3528/  
&VENT ID='Mesh Vent: MESH-f [ZMAX]', SURF_ID='OPEN', XB=-145.2,-113.6,-246.0,-
228.0,3.3528,3.3528/  
&VENT ID='Mesh Vent: MESH-f [ZMIN]', SURF_ID='OPEN', XB=-145.2,-113.6,-246.0,-228.0,-0.1524,-
0.1524/  
&VENT ID='Mesh Vent: MESH-g [YMIN]', SURF_ID='OPEN', XB=-113.6,-74.4,-276.0,-276.0,-
0.1524,3.3528/  
&VENT ID='Mesh Vent: MESH-g [ZMAX]', SURF_ID='OPEN', XB=-113.6,-74.4,-276.0,-
270.0,3.3528,3.3528/  
&VENT ID='Mesh Vent: MESH-g [ZMIN]', SURF_ID='OPEN', XB=-113.6,-74.4,-276.0,-270.0,-0.1524,-
0.1524/  
&VENT ID='Mesh Vent: MESH-h [ZMAX]', SURF_ID='OPEN', XB=-113.6,-74.4,-270.0,-
246.0,3.3528,3.3528/  
&VENT ID='Mesh Vent: MESH-h [ZMIN]', SURF_ID='OPEN', XB=-113.6,-74.4,-270.0,-246.0,-0.1524,-
0.1524/  
&VENT ID='Mesh Vent: MESH-i [YMAX]', SURF_ID='OPEN', XB=-113.6,-74.4,-228.0,-228.0,-
0.1524,3.3528/  
&VENT ID='Mesh Vent: MESH-i [ZMAX]', SURF_ID='OPEN', XB=-113.6,-74.4,-246.0,-228.0,3.3528,3.3528/  
&VENT ID='Mesh Vent: MESH-i [ZMIN]', SURF_ID='OPEN', XB=-113.6,-74.4,-246.0,-228.0,-0.1524,-
0.1524/  
&VENT ID='Mesh Vent: MESH-j [XMAX]', SURF_ID='OPEN', XB=-42.0,-42.0,-276.0,-270.0,-0.1524,3.3528/  
&VENT ID='Mesh Vent: MESH-j [YMIN]', SURF_ID='OPEN', XB=-74.4,-42.0,-276.0,-276.0,-0.1524,3.3528/  
&VENT ID='Mesh Vent: MESH-j [ZMAX]', SURF_ID='OPEN', XB=-74.4,-42.0,-276.0,-270.0,3.3528,3.3528/  
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&VENT ID='Mesh Vent: MESH-j [ZMIN]', SURF_ID='OPEN', XB=-74.4,-42.0,-276.0,-270.0,-0.1524,-0.1524/  
&VENT ID='Mesh Vent: MESH-k [XMAX]', SURF_ID='OPEN', XB=-42.0,-42.0,-270.0,-246.0,-0.1524,3.3528/  
&VENT ID='Mesh Vent: MESH-k [ZMAX]', SURF_ID='OPEN', XB=-74.4,-42.0,-270.0,-246.0,3.3528,3.3528/  
&VENT ID='Mesh Vent: MESH-k [ZMIN]', SURF_ID='OPEN', XB=-74.4,-42.0,-270.0,-246.0,-0.1524,-0.1524/  
&VENT ID='Mesh Vent: MESH-l [XMAX]', SURF_ID='OPEN', XB=-42.0,-42.0,-246.0,-228.0,-0.1524,3.3528/  
&VENT ID='Mesh Vent: MESH-l [YMAX]', SURF_ID='OPEN', XB=-74.4,-42.0,-228.0,-228.0,-0.1524,3.3528/  
&VENT ID='Mesh Vent: MESH-l [ZMAX]', SURF_ID='OPEN', XB=-74.4,-42.0,-246.0,-228.0,3.3528,3.3528/  
&VENT ID='Mesh Vent: MESH-l [ZMIN]', SURF_ID='OPEN', XB=-74.4,-42.0,-246.0,-228.0,-0.1524,-0.1524/  
 
&ISOF QUANTITY='FED', VALUE=0.1,0.3,0.6,1.0/ 
 
&SLCF QUANTITY='TEMPERATURE', PBX=-100.4/ 
&SLCF QUANTITY='VISIBILITY', PBX=-100.4/ 
&SLCF QUANTITY='TEMPERATURE', PBX=-95.0976/ 
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Appendix I – Pathfinder Summary Results
***SUMMARY***SUMMARY***SUMMARY***SUMMARY***SUMMARY*** 
 
Simulation:         Egress FINAL with FDS 
Version:            2020.1.0219 
Mode:               Steering 
Total Occupants:    429 
 
 
Completion Times for All Occupants (s): 
  Min:                4.5 "00723" 
  Max:              139.0 "00738" 
  Average:           66.2 
  StdDev:            31.2 
 
Completion Times by Behavior (s): 
       Behavior Count Min Min_Name   Max Max_Name  Avg StdDev 
  Goto Any Exit   429 4.5  "00723" 139.0  "00738" 66.2   31.2 
*all behaviors*   429 4.5  "00723" 139.0  "00738" 66.2   31.2 
 
Completion Times by Profile (s): 
       Profile Count Min Min_Name   Max Max_Name  Avg StdDev 
       Default   429 4.5  "00723" 139.0  "00738" 66.2   31.2 
*all profiles*   429 4.5  "00723" 139.0  "00738" 66.2   31.2 
 
Travel Distances for All Occupants (m): 
  Min:                4.7 "00723" 
  Max:               89.7 "00510" 
  Average:           52.0 
  StdDev:            18.6 
 
Movement Distance by Behavior (m): 
       Behavior Count Min Min_Name  Max Max_Name  Avg StdDev 
  Goto Any Exit   429 4.7  "00723" 89.7  "00510" 52.0   18.6 
*all behaviors*   429 4.7  "00723" 89.7  "00510" 52.0   18.6 
 
Movement Distance by Profile (m): 
       Profile Count Min Min_Name  Max Max_Name  Avg StdDev 
       Default   429 4.7  "00723" 89.7  "00510" 52.0   18.6 
*all profiles*   429 4.7  "00723" 89.7  "00510" 52.0   18.6 
 
[Components] All:   130 
[Components] Doors: 67 
Triangles:          2764 
Startup Time:       0.3s 
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CPU Time:           82.4s 
 
Door Flow Rates: 
          Door First_In Last_Out Last_Out_Name Total_Use  Flow_Avg 
                    (s)      (s)                  (pers)  (pers/s) 
        Door59     11.5    139.0         00738       123      0.96 
Stair05 door 1      5.0    129.3         00738       123      0.99 
Stair05 door 2      9.1    134.5         00738       123      0.98 
        Door01     28.4     28.4         00317         1           
        Door02      2.2     36.3         00317         3      0.09 
        Door03      3.0      4.3         00515         2      1.57 
        Door04      0.0      0.0                       0           
        Door05      6.1     62.2         00818       109      1.94 
        Door06      1.8    121.8         00738       123      1.03 
        Door07      4.8      4.8         00305         1           
        Door08      3.5      3.5         00307         1           
        Door09      3.6      3.6         00309         1           
        Door10      3.7      3.7         00311         1           
        Door12      3.5      3.5         00310         1           
        Door13      3.4      3.4         00308         1           
        Door14      4.7      4.7         00306         1           
        Door16      1.2     17.0         00820        13      0.82 
        Door18      1.4     15.9         00818        13      0.89 
        Door19      5.7     21.2         00510        13      0.84 
        Door20      0.0      0.0                       0           
        Door21      2.6      7.8         00511         2      0.38 
        Door23     18.0     45.9         00925         6      0.22 
        Door24     13.5     24.8         00686         3      0.27 
        Door25      2.2      4.8         00436         2      0.77 
        Door26      0.0      0.0                       0           
        Door27      4.1     41.1         00749         8      0.22 
        Door30      4.7      4.7         00345         1           
        Door32      3.5      3.5         00350         1           
        Door33      3.5      5.4         00342         2      1.07 
        Door35      4.4      4.4         00347         1           
        Door37      3.3      3.3         00351         1           
        Door38      7.0     58.0         00755        11      0.22 
        Door39      2.3     54.4         00830         7      0.13 
        Door40      4.1     79.9         00759        15      0.20 
        Door43      4.0      4.0         00411         1           
        Door44      0.0      0.0                       0           
        Door45      0.0      0.0                       0           
   HORZ EXIT 1      8.5    106.1         00908       148      1.52 
   HORZ EXIT 2      4.5    105.3         00755       158      1.57 
        Door48      4.5      4.5         00346         1           
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        Door49      3.6      3.6         00349         1           
        Door51      3.6      3.6         00312         1           
        Door52      3.5     50.9         00313         6      0.13 
        Door54      2.8      5.8         00528         3      1.02 
        Door55      0.0      0.0                       0           
        Door58      3.4      7.1         00531         3      0.81 
        Door63      2.9     88.1         00749        11      0.13 
        Door68      1.4     29.0         00614        21      0.76 
        Door70      0.9     17.8         00620        13      0.77 
        Door71      1.2     28.8         00780        21      0.76 
        Door72      2.9      2.9         00667         1           
        Door73      2.2      2.2         00666         1           
        Door74      2.1      2.1         00668         1           
        Door75      2.9      6.6         00669         3      0.82 
        Door76      4.0      4.0         00671         1           
        Door77      1.0     29.5         00784        13      0.46 
        Door78      1.3     18.3         00804        13      0.77 
        Door79      5.8      5.8         00665         1           
        Door80      2.1      2.1         00664         1           
        Door81      2.2      2.2         00663         1           
        Door82      2.2      2.2         00661         1           
        Door83      2.4      2.4         00662         1           
        Door84      2.3      2.3         00660         1           
        Door85      2.2      2.2         00659         1           
        Door86      0.9     18.1         00756        13      0.76 
        Door87      2.0     17.1         00739        13      0.86 
        Door88      1.5     35.6         00925        32      0.94 
 
Room Usage: 
   Room First_In Last_Out Last_Out_Name Total_Use 
             (s)      (s)                  (pers) 
 Room98      9.1    139.0         00738       123 
Stair05      5.0    134.5         00738       123 
 Room53      0.0     50.9         00313         6 
 Room56      0.0      4.8         00305         1 
 Room57      0.0      3.5         00307         1 
 Room58      0.0      3.6         00309         1 
 Room59      0.0      3.7         00311         1 
 Room60      0.0      3.6         00312         1 
 Room61      0.0      3.5         00310         1 
 Room62      0.0      3.4         00308         1 
 Room63      0.0      4.7         00306         1 
 Room64      0.0     15.9         00818        13 
 Room65      0.0     17.0         00820        13 
 Room66      0.0     36.3         00317         3 
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 Room67      0.0      4.3         00515         2 
 Room68      0.0     21.2         00510        13 
 Room69      0.0      7.8         00511         2 
 Room70      0.0      0.0                       0 
 Room71      0.0      0.0                       0 
 Room72      0.0      0.0                       0 
 Room74      0.0      4.7         00345         1 
 Room75      0.0      4.5         00346         1 
 Room76      0.0      5.4         00342         2 
 Room77      0.0      3.5         00350         1 
 Room79      0.0      4.4         00347         1 
 Room80      0.0      3.6         00349         1 
 Room81      0.0      3.3         00351         1 
 Room82      0.0      4.0         00411         1 
 Room83      0.0      0.0                       0 
 Room84      0.0      0.0                       0 
 Room86     18.0     45.9         00925         6 
 Room87     13.5     24.8         00686         3 
 Room88      0.0      4.8         00436         2 
 Room89      0.0     41.1         00749         8 
 Room90      0.0     58.0         00755        11 
 Room91      0.0     79.9         00759        22 
 Room92      0.0     88.1         00749        11 
 Room94      0.0      0.0                       0 
 Room95      0.0      5.8         00528         3 
 Room54      0.0    121.8         00738       123 
 Room96      1.8    129.3         00738       123 
 Room93      0.0      7.1         00531         3 
 Room99      0.0     29.0         00614        21 
Room100      0.0     17.8         00620        13 
Room101      0.0      2.9         00667         1 
Room102      0.0      6.6         00669         3 
Room103      0.0      4.0         00671         1 
Room104      0.0      2.1         00668         1 
Room105      0.0      2.2         00666         1 
Room106      0.0     28.8         00780        21 
Room107      0.0     29.5         00784        13 
Room108      0.0     18.3         00804        13 
Room109      0.0     17.1         00739        13 
Room110      0.0     18.1         00756        13 
Room111      0.0      5.8         00665         1 
Room112      0.0      2.1         00664         1 
Room113      0.0      2.4         00662         1 
Room114      0.0      2.3         00660         1 
Room115      0.0      2.2         00659         1 
Page 270 of 270 
 
Room116      0.0      2.2         00661         1 
 Room55      0.0    106.1         00908       415 
Room117      0.0      2.2         00663         1 
 Room85      0.0     35.6         00925        32 
 
